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-DKDQJLUZKR UXOHG ,QGLDQ VXEFRQWLQHQW  LV D MHZHO LQ WKH FURZQRI0XJKDO DUFKLWHFWXUH 7KH WRPE LV
VLWXDWHGLQ/DKRUHLQ4XHHQ1RRU-DKDQ¶VROGSOHDVXUHJDUGHQNQRZQDV'LONXVKD*DUGHQ7KHPDXVROHXPLVORFDWHG
DW6KDKGDUDRQWKHEDQNRIWKH5DYLWKUHHPLOHVQRUWKZHVWRIWKHFLW\,QWKHFHQWUHRIZKLFKVWDQGVWKHPDJQLILFHQW
VHSXOFKUH RI -DKDQJLU FRQVLGHUHG E\ VRPH WR EH WKH ³)LQHVW RUQDPHQW RI /DKRUH´ DQG E\ RWKHUV ³7KH PRVW





KDOI RI WKH WK FHQWXU\ DOVR FRQWULEXWHG LQ WKH GHYDVWDWLRQ RI WKHQ JDUGHQV DQG WKHVH PRQXPHQWV 7R EULQJ WKLV
KLVWRULFDOMHZHOEDFNWRLWVRULJLQDOVWDWH*RYWRI3DNLVWDQLVSD\LQJDWWHQWLRQWRZDUGVWKHUHKDELOLWDWLRQRIWKLVPDVWHU




















2.1 Natural Hydraulic Lime (NHL) 




ZKLFK DERYH FHUWDLQ WHPSHUDWXUH FRPELQH WRWDOO\ RU SDUWLDOO\ ZLWK FDOFLXP R[LGH 1+/ZRUNV E\ VHWWLQJ LQ WKH
SUHVHQFH RI ZDWHU DQG 1+/PRUWDUV FXUHG DW KLJK KXPLGLW\ OHYHO LQ QDWXUDO DQG DUWLILFLDO HQYLURQPHQWV SUHVHQW
LQWHUHVWLQJUHVXOWVDQGVRPHFRXOGEHXVHGLQROGPDVRQULHVUHSDLU
2.1.1. Properties of NHL mortars
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2.1.2. Workability and Strength 
1+/ PRUWDUV DUH RIWHQ GHVFULEHG DV KLJKO\ ZRUNDEOH +RZHYHU GXH WR PDQ\
YDULDEOHVFRQWULEXWLQJWRZRUNDELOLW\WKLVLVGLIILFXOWWRTXDQWLI\:RUNDELOLW\ODUJHO\GHSHQGVRQZDWHUFRQWHQW




UHGXFH WKHGXUDELOLW\ DQG LQFUHDVH WKH ULVNRISHQHWUDWLRQE\ UDLQ%XW WKHUH VKRXOGEH DGHTXDWH FRPSUHVVLYH
VWUHQJWKWRRIPRUWDUWREHDUWKHORDGRIPDVRQU\

2.2. White lime 
:KLWH OLPH 0DLQO\ FRPSRVHG RI &D2 ZKLFK LV RQH RI WKH PDLQ FRQVWLWXHQW RI WKH NDQNDU OLPH








2.3. Coarse kankar Lime 
7KLV LV DPDWHULDOZKLFK LV SUHSDUHG E\ EXUQLQJ WKH OLPH QRGXOHV IRXQG LQ VRLO ,W LV WKH
PDLQO\XVHDVFRDUVHDJJUHJDWH,Q0XJKDOHUDWKLVPDWHULDOKDGEHHQXVHGDEXQGDQWO\LQPRUWDUIRUWKHFRQVWUXFWLRQ
RI IRUWV WRPEVDQGRWKHUKLVWRULFDOEXLOGLQJV ,Q WKH UHKDELOLWDWLRQ WKLVPDWHULDO LVXVHG LQ OLPHPRUWDUDORQJZLWK






)RU WKH SXUSRVH RI VWDQGDUGL]DWLRQ WKH DYDLODEOH OLWHUDWXUH RQ WKH OLPH ZDV WKRURXJKO\







:DWHU LVPDLQFUDFNFRQWUROOLQJDJHQW LQ OLPHPRUWDUV ,WZDVYHU\LPSRUWDQW WRGHWHUPLQHWKHWKUHVKROGOLPLWVIRU
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ZDWHUDPRXQWLQVXFKDZD\WKDWWKHFUDFNVFRXOGEHPLQLPL]HGDVZHOODVFDUERQDWLRQDQGK\GUDWLRQUHDFWLRQVPD\
DOVR UHPDLQ XQGLVWXUEHG 7KH WHPSHUDWXUH RI WKH DUHD LQ ZKLFK WKH EXLOGLQJ LV VLWXDWHG UHDFKHV XS WR  & LQ
VXPPHUZKLFKLVWRRKRWWRFDXVHWKHUDSLGHYDSRUDWLRQRIZDWHU OHDYLQJFUDFNVRQWKHVXUIDFHRIPRUWDU6RWKH
ZDWHUFRQWHQWPXVWEHLQVXFKDUDQJHWKDWLWPD\QRWFDXVHVWUHQJWKSUREOHPVZLWKPD[LPXPZRUNDELOLW\,QLWLDO
VHWWLQJ WLPHZDV QRW NQRZQ7KH FRPPRQSUDFWLFH LQ WKH ILHOGZDV WR SUHSDUH WKHPDWHULDO LQ EXON DQG WKHQ XVH


























7R VWDQGDUGL]H WKH PDWHULDO IRU UHKDELOLWDWLRQ WKH UDWLRV ZKLFK KDG EHHQ XVHG LQ WKH SDVW IHZ GHFDGHV IRU WKH
UHKDELOLWDWLRQRIRWKHUEXLOGLQJVZHUH WDNHQ DV VWDUWLQJSRLQW7KHQZH FKHFNHG WKH UHVXOWV RI WKRVHPDWHULDOV$W
VRPH SODFHV WKHPDWHULDO EHKDYLRXUZDV YHU\ JRRG DW VRPH RWKHU LWZDV QRW VDWLVIDFWRU\$V WKHUHZDV QRZRUN
FDUULHGRXWRQWKHVWDQGDUGL]DWLRQLQWKHSDVWVRWKHPL[UDWLRXVHGZDVDOVRWHQWDWLYH7RXVHWKHPDWHULDOWRUHSDLU
GHVWUXFWHGZDOOVWKHPHWKRGVJLYHQLQOLWHUDWXUHZDVIROORZHG
4.1.1. For Plastering 
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1+/ZKLFKLVWKHPDLQELQGLQJDJHQWLQWKHZKROHPL[%\YDU\LQJWKHDPRXQWRI1+/VXUIDFHVKULQNDJHH[WHQW
YDULHV8VLQJ WKLV UDWLR WKH VXFFHVVIXO UHVXOWV DUHEHLQJ DFKLHYHGZKHQDFWXDOO\XVHG LQSODVWHULQJRI VRPHRI WKH
ZDOOVLQWRPE
4.1.2. For laying of bricks (In brick masonry) 












$V OLPH PRUWDUV DUH ZLGHO\ DFNQRZOHGJHG WR EH PRUH HIIHFWLYH LQ WKH UHSDLU RI KLVWRULF
PRQXPHQWV LQIUDVWUXFWXUH ,W LV DOVRZHOO NQRZQ WKDW WKHZDWHUOLPH UDWLRKDV DPDUNHG HIIHFW RQ WKH VWUXFWXUDO
SHUIRUPDQFH RI OLPHPRUWDUV 6R LQ WKH VWDQGDUGL]DWLRQ RI NDQNDU OLPHPRUWDU WKH GHWHUPLQDWLRQ RI DSSURSULDWH
YDOXHRIZDWHU1+/ZDVQHFHVVDU\WRGHWHUPLQHVRDVWRJHWPD[LPXPSHUIRUPDQFHRIWKHPRUWDU$V:DWHU/LPH
UDWLR KDV D JUHDW LQIOXHQFH LQ WKH SUHSDUDWLRQ RI OLPH PRUWDU WKDW¶V ZK\ LW WDNHV D VSHFLDO DWWHQWLRQ ZKLOH
VWDQGDUGL]LQJDPDWHULDO
7R ILQG DQ DSSURSULDWH YDOXH RIZDWHUOLPH UDWLR$670&ZDV WDNHQ DV VWDQGDUG DV WKHUH LV DSSURSULDWH
PHWKRG JLYHQ WR ILQG VWDQGDUG FRQVLVWHQF\ RI OLPH SXWW\ 7KH VDPH SURFHGXUHZDV DGRSWHG IRU GHWHUPLQDWLRQ RI









ZDVQHFHVVDU\ WRGHWHUPLQH7KHFUDFNVJHQHUDWHGRQVXUIDFHRISODVWHU LQGLFDWH WKDW WKHH[FHVVZDWHU LQ WKHPL[
ZKLFKFRDWVWKHSDUWLFOHVRIOLPHDQGDYRLGQHFHVVDU\&2WRHQWHUZKLFKLVQHFHVVDU\IRUFDUERQDWLRQDOVRLWFDXVHV
VKULQNDJHRIWKHPDWHULDOZKHQLWHYDSRUDWHV,QRUGHUWRILQGWKHVWDQGDUGYDOXHPDWHULDOEHKDYLRXUZDVREVHUYHG











FRQFOXVLRQ WKDW LI RQH XVHV :/ UDWLR DV GHVFULEHG LQ 7DEOH  VKULQNDJH FUDFNV GXH WR H[FHVV ZDWHU FDQ EH
PLQLPL]HG




,Q$670&± WKHUH LV DSURSHUPHWKRG WR ILQG WKH LQLWLDO VHWWLQJ WLPHRI OLPH8VLQJ WKH VDPHDSSDUDWXV
9LFDWDSSDUDWXVWKHLQLWLDOVHWWLQJWLPHRIWKHPL[RIWZRELQGHUV1DWXUDOK\GUDXOLFOLPH:KLWHOLPHZDVWHVWHG
DIWHUPL[LQJLQVWDQGDUGUDWLRIRUSODVWHUZLWKSURSRVHGZDWHU1+/8VLQJWKHYDOXHRILQLWLDOVHWWLQJWLPHE\
WKLV DSSDUDWXV ZKLFK FDPH RXW PLQXWHV  PLQXWHV$IWHU PLQXWHV IURPPL[LQJ WLPH WKHPDWHULDOZDV
SODFHGRQDZDOODVDSODVWHUDQGZDVZLWQHVVHGIRUDFRXSOHRIGD\V7KHFUDFNVJHQHUDWHGRQWKHVXUIDFHRIWKH
SODVWHU MXVW DIWHU D FRXSOH RI GD\V XQGHU VWDQGDUG FRQGLWLRQV 7KHQ WKH PDWHULDO ZDVPL[HG RQFH DJDLQ LQ VDPH









DFFRUGLQJ WR WKH SURSRVHG VWDQGDUGV 7KH9LFDW DSSDUDWXV GRHV QRW JLYH WKH VHWWLQJ WLPH GLUHFWO\ZKHQ ERWK WKH
ELQGHUVDUHXVHGFRPELQH3HUKDSVGXHWRWKLVUHDVRQWKHVHWWLQJWLPHZDVGLIIHUHQWWKDQDFWXDOZKHQIRXQGXVLQJWKLV
DSSDUDWXV$QRWKHUUHDVRQLVWKHZKLWHOLPHLVXVHGLQVDWXUDWHGIRUPDQGWKHZDWHURIVDWXUDWLRQIURPZKLWHOLPH
DFFHOHUDWHV WKH FKHPLFDO UHDFWLRQV DQG WKH VHWWLQJ WLPH GHFUHDVH ,Q FDVH RI UHSDLULQJ RI GHVWUXFWHG ZDOOV LW LV





4.4. Water absorption 
:DWHU DEVRUSWLRQ RI D PDWHULDO LV DOVR RQH RI WKH PDMRU FRQFHUQV ZKLOH VWDQGDUGL]LQJ D






,Q VWDQGDUGL]DWLRQ RI FRDUVH DJJUHJDWH ZH VWDUWHG ZLWK $670 &  FULWHULD DQG SURFHHGHG E\ KLW DQG WULDO
PHWKRG:H WRRN GLIIHUHQW VDPSOHV DQG DSSOLHG ZDWHU DEVRUSWLRQ WHVW DQG ZH JRW GLIIHUHQW UHVXOWV IRU GLIIHUHQW
VDPSOHVDVDQG,QRUGHUWRFKHFNWKHLUVWUHQJWKWKHVDPHVDPSOHVZHUHSODFHGDVD





FRPSRVLWLRQ RI VWRQH DJJUHJDWH DQG NDQNDU DJJUHJDWH DQG WKH GLIIHUHQFH LQ WKHLU IRUPDWLRQ GXH WR ZKLFK WKH
SURSHUWLHVRIERWKW\SHVRIFRDUVHDJJUHJDWHVDUHGLIIHUHQWZKHQXVHGLQPRUWDU$VPRUHZDWHUDEVRUSWLRQPHDQV
OHVVGHQVLW\ DQG OHVV VWUHQJWK7KDW¶VZK\ WKLV OLPLW IRU FRDUVHNDQNDU OLPHZDVQHFHVVDU\ WRGHWHUPLQH6R DV WR








,W FDQEH LQIHUUHG IURP)LJ WKDW WKHUH LVYHU\VPDOOGLIIHUHQFH LQ WKHFRPSUHVVLYHVWUHQJWKRI WKHFXEHVKDYLQJ
FRDUVH NDQNDU DJJUHJDWH ZLWK ZDWHU DEVRUSWLRQ OHVV WKDQ RU HTXDO WR  WKDQ WKH RWKHU WKUHH VDPSOHV 6R DIWHU
ZLWQHVVLQJ WKHVH UHVXOWV LW LV SURSRVHG WKDW WKH FRDUVH NDQNDU OLPH ZKLFK LV WR EH XVHG LQ OLPH PRUWDU IRU
UHKDELOLWDWLRQPXVWKDYHZDWHUDEVRUSWLRQPD[LPXP XVLQJWKHPHWKRGGHVFULEHGLQ$670&
WR ILQG ZDWHU DEVRUSWLRQ RI FRDUVH DJJUHJDWH VR DV WR JHW PD[LPXP VWUHQJWK DQG FUDFN IUHH VXUIDFH LQ EULFN
PDVRQU\DVZHOODVLQSODVWHULQJUHVSHFWLYHO\
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 4.5. Gradation of coarse kankar lime 
,QVWDQGDUGL]DWLRQRIWKHPDWHULDOVLHYHDQDO\VLVOLPLWVDUHDOVRYHU\LPSRUWDQW
7KHFKDUDFWHULVWLFRI0XJKDODUFKLWHFWLVWKDWWKHUHPXVWEHWKHOD\HURIPRUWDUHTXDOWRWKHWKLFNQHVVRIWKHEULFN





WKHPDWHULDO IDLOHG LQFRPSUHVVLRQDWYHU\ OHVVHU ORDG6RWKHUHZDVQHHGRIXSSHUDQGORZHU OLPLWV IRU WKHFRDUVH



































SDUDPHWHUV OLNH :/ UDWLR ZDWHU DEVRUSWLRQ RI FRDUVH DJJUHJDWH ZDV VDPH IRU DOO VDPSOHV JDYH PXFK PRUH










VWUHQJWKZLOOEHYHU\KLJKDQGYLFHYHUVD LVDOVR WUXH:KHQWKHFRDUVHNDQNDU OLPHXVHGZDVRXWVLGH WKHUDQJH LW
PHDQVWKHUHZHUHVRPHSDUWLFOHVL]HVPLVVLQJZKLFKGHILQLWHO\KDGFDXVHGWKHORRVHELQGLQJRIWKHPDWHULDO

4.5.1. Physical witnessing 
2QFH WKH OLPLWVRI WKHJUDGDWLRQZHUHHVWDEOLVKHG WKH OLPHPRUWDUFRQWDLQLQJ WKHFRDUVH
NDQNDUDJJUHJDWHZLWKLQDQGRXWVLGHWKHOLPLWZDVWHVWHGRQDPDVRQU\ZDOOE\NHHSLQJDOOWKHRWKHUSDUDPHWHUVVDPH
IRU DOO ,WZDV REVHUYHG WKDW WKHPDWHULDO FRQWDLQLQJ DJJUHJDWH IDOOLQJ LQ WKH OLPLW GLG QRW JHW FUDFNHGZKLOH WKH
VDPSOHRXWVLGHWKHOLPLWJRWFUDFNHGMXVWDIWHUIHZGD\VRIUHSDLURIZDOO6R WKHVHOLPLWVVXFFHVVIXOO\JLYHQYHU\
JRRGUHVXOWVWRXVHLQOLPHPRUWDUIRUUHSDLURIGHVWUXFWHGZDOOVZLWKRXWFRPSUHVVLRQIDLOXUH

















7KH VWUHQJWK DQG FUDFNV LQ WKH NDQNDU OLPHPRUWDUZHUH WZRPDLQ SUREOHPV
ZKLFKKDGPDGH WKHXVHRINDQNDU OLPHPRUWDUYHU\GLIILFXOWEHIRUH WKLV UHVHDUFKZRUN$IWHUGHWDLOHGDQDO\VLVRI
VWUHQJWKGHYHORSLQJDQGFUDFNVFRQWUROOLQJSDUDPHWHUVVRPHVWDQGDUGVIRUWKLVPDWHULDOKDYHEHHQHVWDEOLVKHGDIWHU
FDUU\LQJRXWGLIIHUHQWWHVWVZKLFKLISURSHUO\IROORZHGJLYHVDWLVIDFWRU\UHVXOWV$VE\XVLQJWKHVHVWDQGDUGVPDWHULDO



































WKDW KRVWHG WKH PL[WXUHV SUHSDUDWLRQ DQG D SDUW RI WKH PRUWDUV WHVWLQJ DQG SDUWLFXODUO\ WR WKH $UFKDHRORJLFDO
'HSDUWPHQW RI 3DNLVWDQ WKDW SURYLGHG WKH UHTXLUHGPDWHULDO IRU WHVWLQJ'U=DKLG6LGGLTL&KDLUPDQ&('8(7
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6LQJK0Analysis and characterization of Charminar lime plaster&XUU6FLH

6LQJK 0 6KDUPD 5.  &KHPLFDO FKDUDFWHUL]DWLRQ RI %LGDU )RUW ,QGLD SODVWHU ,Q ,QWHUQDWLRQDO &RQIHUHQFH RQ &RQVHUYDWLRQ
3UHVHQWDWLRQDQG5HVWRUDWLRQTraditions, Trends and Technique%$&5,+\GHUDEDG,QGLDSSH
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Grouts used in the conservation of historic buildings,&&5205RPH
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